The results of economic models of greenhouse gas reduction depend sensitively on the assumptions embedded in the energy scenarios chosen, both for business-as-usual and emission reduction scenarios. In this paper, some of the basic requirements of useful scientific models are reviewed and then, as a case study, applied to the MEGABARE computer model of greenhouse response in the global economy. At the Conference of the Parties to the Framework Convention on Climate Change, held in Kyoto, Japan, in December 1997, the Australian Government used MEGABARE as a basis for its successful demand that Australia, as a fossil fuel 'dependent' country, should be permitted to increase its greenhouse gas emissions. However, it is shown here that several of MEGABARE's basic assumptions fail to meet basic criteria for useful modelling.
Introduction
At the Conference of the Parties to the Framework Convention on Climate Change, held in Kyoto, Japan, in December 1997, the Australian Government opposed uniform targets for reducing greenhouse gas emissions and gained agreement for the expansion of Australia's emissions by 8% by [2008] [2009] [2010] [2011] [2012] . The basis for this position was scenarios run on a computer model of greenhouse gas reduction in the world economy called MEGABARE. Using this model, the government claimed that meeting even modest targets for reducing carbon dioxide emissions would be very costly to the world economy and especially to Australia, a fossil fuel 'dependent' country.
Section 2 summarizes the generally accepted criteria for useful scientific modelling and then in Section 3, the assumptions underlying the MEGABARE model's scenarios for 2020 are compared with these criteria.
Section 4 presents two alternative scenarios for Australia which have fewer ad hoc assumptions, are less expensive and, in the case of the second scenario, much more effective in reducing emissions than the MEGABARE scenarios. Although based on small improvements to existing technologies, this second, 'strong', 'sustainable business' scenario reduces carbon dioxide emissions from the energy sector by 50% by 2020. This scenario is based primarily on the efficient use of energy supplied by a combination of renewable sources and natural gas.
Section 5 summarizes the barriers to the sustainable business scenario and the combination of political and economic instruments required in order to overcome these barriers.
Criteria for useful scientific modelling
The following criteria have been collected from the literature and are generally accepted by the author's scientific colleagues: 1 Where key assumptions and results can be compared with observation, this should be done. Where assumptions are contradicted by observations, the assumptions should be changed. 2 Where empirical tests have not been performed and cannot be readily done, sensitivity analysis is essential to show the effects of assumptions. Where the results are highly sensitive to assumptions about the values of particular parameters, it may be necessary to change the model to avoid using these parameters. 4 Detailed documentation should be published of the model's objectives, assumptions, methods (including flow diagrams and equations), terminology and limitations. The model should be constructed and documented to facilitate independent validation of the model and its component parts. 5 Balanced, open presentation of the assumptions and results to policy makers in context is required. 6 Automatic checking of the ranges of validity of assumptions and special techniques (such as statistical analysis) is required, with warning messages included in the output when the limits of validity have been approached. 7 Adequate, justifiable input data are required.
In practice many computer models fall short of this basic standard. This is often the case in neo-classical economics, where questionable assumptions are taken as axioms in the currently dominant paradigm and comparison with empirical observation is generally inadequate [1, 2, 3] . In the next section, the MEGABARE model of greenhouse response is taken as a typical case study.
Megabare's scenarios
Any computer model is only as good as the assumptions fed into it. In the case of MEGABARE, the assumptions (few of which are spelt out explicitly in the modellers' report, Brown et al. [4] ) have the effect of making the reduction of emissions very expensive. The model does this in the following ways:
Choice of business-as-usual scenarios
MEGABARE assumes that its business-as-usual (BAU) scenarios [5] involve high continuing growth in CO 2 emissions resulting from the combustion of fossil fuels, even in countries where there is low population growth or little dependence upon fossil fuels. For example, although New Zealand is low on both population growth and fossil fuel use, it is given the highest projected growth in emissions of the developed countries listed, 2.2% p.a., leading to 88% growth between 1990 and 2020. This is based on the assumptions that future GDP growth is 2.43% and that energy growth must be fossil fuelled. However, New Zealand has a very large (relative to present electricity demand) wind energy potential, which could be coupled very effectively with the existing hydroelectric system.
In Australia, MEGABARE assumes that CO 2 emissions will grow exponentially at an average rate of 1.63% p.a., leading to a 62% growth between 1990 and 2020. This is driven apparently by GDP growth, assumed to be 2.31% p.a., and population growth of 0.94% p.a. However, the relationships assumed between these three variables are not revealed in the latest MEGABARE report.
Thus, MEGABARE's choice of BAU scenarios fails to meet Criteria (2) and (4).
Lack of diverse emission reduction scenarios
MEGABARE presents only two, similar scenarios for reducing CO 2 emissions -its 'less stringent' and 'more stringent' scenarios.
Despite their names, the two scenarios lead to almost identical rates of CO 2 emissions in 2020, the end-point of the study, namely 10% and 15% respectively below the 1990 level. They differ mainly in that the 'more stringent' scenario reduces emissions more rapidly in the period from 1998 to 2010. However, the report does not reveal any of the energy producing and consuming technologies assumed in its 'more stringent' scenario and only reveals the electricity generation technologies in its 'less stringent' scenario (see Table 1 ). Thus the two scenarios do not offer the range of political choice needed for informed public debate and so the model does not meet Criteria (2) and (4). emissions from the electricity industry is 134MT (National Greenhouse Gas Inventory Committee [6] ). Applying MEGABARE's 1.63% p.a. projected emissions growth rate for the whole energy sector to electricity [7] gives a BAU projection of 211 MT in 2020. b. The MEGABARE report does not report on the electricity use in its 'more stringent' scenario which would presumably have an even higher percent of nonhydro renewables.
Exclusion of the cheapest greenhouse response technologies
MEGABARE excludes from the two emission reduction scenarios the two cheapest and fastest ways of reducing CO 2 emissions, namely the efficient use of energy and greatly expanded use of natural gas for electricity generation and heating. Hence, neither scenario is anywhere near the minimum cost for achieving the specified emission reductions.
Although MEGABARE allows for some improvement in future efficient energy use in its BAU scenario, this is a small fraction of the potential for cost-effective efficient energy use. MEGABARE fails to include the full potential by ignoring the large body of evidence of failure of the market for energy services and hence omitting the many unimplemented cost-effective energy efficiency measures available [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Strictly speaking, market failure should be described as failure of the model to describe a noncompetitive market.
The combination of Assumption 3.1 and the exclusion of efficient energy use (first part of Assumption 3.3) imply that increased use of natural gas for electricity generation (with 50% less emissions [21] per unit of electricity generated than black coal) is also excluded (see Table 1 ). This occurs because even natural gas cannot produce enough emission reduction to bridge the huge gap that has been constructed between the BAU and emission reduction scenarios. This is a peculiar assumption [22] , running counter to the existing time trend in Australia's energy use and to MEGABARE's BAU scenario (see Table 1 ). Natural gas-fired power stations have lower capital costs but higher fuel costs compared with coal. Depending upon the level of interest rates and the amount of competition for natural gas, electricity from natural gas can cost about the same or slightly higher than electricity from coal.
Co-generation, the production of electricity and useful heat from small, gas-fired power stations located close to the point of use, can lead to emissions reductions of 70-80%. For users who require both electricity and heat (e.g. offices, hospitals, hotels and some manufacturing plants), co-generation is competitive with coal-fired electricity and boilers, but is held back by inappropriately high transmission charges in Australia.
The exclusion from the MEGABARE scenarios of new natural gas-fired power stations and substantial amounts of co-generation entails that renewable energy must take up a much heavier load, both in percentage and absolute contributions, than is necessary or feasible at reasonable cost by 2020. This artificially boosts the costs of MEGABARE's emission reduction scenarios. However, much less expensive scenarios are proposed in Section 4.
Thus MEGABARE has omitted to deal with market/model failure [Criterion (2)] and not incorporated existing theory and data [Criteria (3) and (1) respectively].
Omission of economic benefits of emissions reductions
MEGABARE ignores the economic benefits of shifting to an energy system which is more labour intensive and more suitable for local manufacture than the existing centralized fossil-fuel based system which is shedding jobs at a high rate.
Almost the only shortcoming of MEGABARE that is actually admitted by its modellers and promoters is its failure to consider the environmental benefits of reducing emissions. However, their public statements suggest that they believe incorrectly that there are no economic benefits (apart from the economic costs of global climate change averted -estimated e.g. by Sørensen [23] ) to weigh against the costs that they calculate. This is a consequence of the peculiar assumption that MEGABARE's BAU scenario is the least cost option.
The assumption is wrong because the scenario enshrines energy waste, assumes that heavily subsidized energy intensive industries such as aluminium smelting are more beneficial to the Australian economy than industries based on efficient energy use and renewable energy, and ignores the economic risks of Australia remaining dependent upon too great a use of fossil fuels and aluminium smelting.
Experience with the Danish and US wind-power industry has shown that there are substantially more jobs created per unit of energy in renewable energy technologies than in the traditional large centralized energy technologies. Energy auditing is a rapidly expanding field in Australia, especially for engineering graduates. The products and services involved in creating a sustainable energy future tend to require small amounts (e.g. $20k-50k) of capital investment per job and tend to create local jobs rather than overseas jobs. Sustainable energy jobs are long term, while jobs in the resource industries tend to be temporary construction jobs, leading to boom and bust conditions in local economies (ACF/ACTU [24] ).
Among Australia's greatest CO 2 emitters are the coal/electricity, aluminium, oil, and iron & steel industries. Aluminium smelting is highly capital intensive, creating only one direct job per $2M invested. The others are all shedding jobs rapidly as the result of increasing automation, not environmental constraints.
Thus the model does not meet Criterion (1).
Assumption that action by industrialized countries alone is useless
MEGABARE assumes that concerted action by the Annex I (industrialized) countries to reduce emissions would not influence the Non-Annex I countries to join in. Since the Annex I countries have reached agreement on such a target, albeit a weak one with Australia as an exception, there is now some pressure on developing countries, notably China and India, to agree to emissions targets. So far, Non-Annex I countries have not used Australia's example as an excuse not to participate. Thus the model appears to violate Criteria (1) and (6).
Assumption that 'carbon leakage' is significant
MEGABARE assumes that binding targets in Annex I countries would increase emissions in non-Annex I countries by 12-14%. This notion, called 'carbon leakage', is that fossil fuel intensive industries, such as aluminium smelting, would relocate to countries where there are no greenhouse constraints and there are allegedly higher emissions to manufacture the same products. There are several flaws in this argument:
• Relocation of a large industry is a very expensive operation. Relocation to a developing country may also entail increased risks for the industry, such as those resulting from political instability.
• In a number of developing countries, electricity is generated from large hydroelectric schemes which release much lower levels of greenhouse gas emissions than coal. At present Australia is actually the only major aluminium producer to use mainly coal-fired electricity. However, other major aluminium producers (e.g. US and Russian Federation) do use some coal-fired electricity, although primarily hydro, and China, a large coal producer, is rapidly expanding its aluminium production.
• Aluminium production in Australia is de facto subsidized through the provision of cheap electricity and free infrastructure by state governments and tax concessions by the Federal Government. This undermines the claim that Australia has a comparative advantage based on economic efficiency.
• International protocols reached by the Conference of the Parties to the FCCC could include emission constraints on particular energy intensive industries, such as aluminium, and even emission constraints upon the particular multinational corporations involved in these industries. This may be feasible because there are not many of these large corporations, their head offices are located generally in Annex I countries, and their turnovers are greater than those of some countries.
• An international agreement could be made to ban the use of coal-fired electricity for the production of aluminium and other energy intensive products.
On the basis of this evidence, it could be concluded that, at very least, the model does not meet Criteria (6) and (7).
Assumption that carbon tax is the only response instrument
MEGABARE assumes that a carbon tax is the only response measure to be implemented, instead of a package of mutually reinforcing measures.
If consumers are not offered alternatives to emissions-generating activities, a large carbon tax would be required to change behaviour and this could be expensive for many interests. However, because markets fail and BAU scenarios are not economically optimal, a small carbon tax together with regulatory and other measures, would offer a low-cost response strategy (see Section 5). The model does not meet Criteria (2) and (6).
Assumption of only one use for carbon tax revenue
MEGABARE assumes that the revenue from a carbon tax is returned to the economy in a lump sum.
However, modelling by others suggests that there can be substantial economic benefits from using part of the revenue to reduce payroll tax [25] . Another part of the revenue could also be used to facilitate the transition to a sustainable energy system, thus increasing the rate of emissions reduction. It is inadequate for Brown et al. ([5, p. 29 ] to attempt to dismiss this by saying that "estimates of such benefits are highly sensitive to the type of models used and the underlying assumptions", since that statement is an excellent summary of criticisms of MEGABARE. When such sensitivity exists, an important response should be to perform sensitivity analyses, but the MEGABARE modellers fail to do this. Again the model does not meet Criteria (2) and (6).
Other assumptions
Other questionable assumptions are discussed by Diesendorf [26] . An important one is that, like almost all other 'top-down' models, MEGABARE substitutes dubiously derived parameters (e.g. 'elasticities' and 'autonomous end-use energy-intensity improvement') for specifications of technologies [see Criterion (1)].
Summary of assumptions
The assumptions and the use made of them appear to contradict all the basic criteria for useful modelling, except possibly Criterion (7) that has not been checked.
MEGABARE's assumptions have the effect of creating a large task to be achieved in order to make quite small reductions in emissions; excluding the two most cost-effective technologies and thus leaving only an expensive means of achieving these small reductions (namely, a rapid, massive shift to renewable energy at a time when only a smaller contribution from renewable energy is cost-effective or close to it); and omitting to recognize the economic benefits of making the transition.
Even with all these and other assumptions, which make greenhouse gas reduction appear expensive, MEGABARE obtains the result that the total cost to industrialized countries is only 1.0-1.5% of projected Gross National Expenditure (GNE) in 2020, somewhat higher (3.3% of GNE) in Australia. Because this is smaller than or comparable with the uncertainty in the modelling results, it would be actually impossible to measure.
Many of MEGABARE's assumptions are typical of economic models of greenhouse reduction, as discussed by Grubb et al. [27] , Ekins [28] and Diesendorf [26] . Hence the failure of such models to meet basic criteria of scientific modelling is also typical rather than exceptional.
The next section outlines two energy alternative scenarios that achieve equal and greater reductions respectively than MEGABARE's two scenarios, with fewer ad hoc assumptions and probably much lower costs.
The alternative scenarios
It is convenient to separate the energy sector's CO 2 emissions p.a. (C) into the product of three factors: G, E/P and P. Thus:
where the greenhouse intensity G = C/E = CO 2 emissions per unit of energy consumption; E/P is annual energy consumption per person; and P = population. By substituting G = C/E in equation (1) it can be seen that the equation is identically true. Each of the three factors in its right-hand side is observable, at least in the past and present. There is no need to include in the scenarios GDP and arbitrary relationships between GDP and energy. To avoid G D P is desirable, because some developed countries, e.g. Denmark, have had a steadily increasing GDP with no increase in total energy consumption since the mid-1970s, while others still have a positive correlation. For Australia too, greenhouse response will involve some changes in economic structure. Whether GDP increases or decreases will depend on the details of the economic and political instruments used: e.g. whether the revenue from a carbon tax is placed in consolidated revenue or is used to reduce taxes on labour and to assist the transition to a more sustainable energy system.
In the alternative scenarios proposed below, it is assumed that Australia's population growth will average 1% p.a. from 1990 to 2020 [29] , leading to a 35% increase over that period and that the inbuilt time delays mean that Australian governments cannot change this significantly between now and 2020. However, if an appropriate population policy [30] is set in place soon, Australia's population growth could decline substantially after 2020.
To reduce further the number of arbitrary assumptions, this paper dispenses with a BAU scenario for emissions and measures emission reductions in absolute terms from the observed 1990 level. In order to reduce emissions, there are two remaining variables which governments, business and householders can influence significantly: the energy use per person and the greenhouse intensity of energy generation. Two scenarios are considered: one with a moderate (15%) reduction and the other with a strong (50%) reduction. The latter lies well on the pathway towards an ecologically sustainable energy system, based primarily on the efficient use of renewable sources of energy.
In both scenarios it is assumed that no new coal-fired power stations are built (since, per unit of electricity generated, coal has the highest greenhouse gas emissions of all fossil fuels). It is also assumed that existing coal-fired power stations put into operation from 1990 onwards, comprising about 4,000 MW of capacity [31] out of a 1997 total of 40,000 MW, are still operating in 2020. All others, aged at least 30 years, have been closed down by 2020 and replaced with combined-cycle natural gas-fired power stations and renewable energy systems. These gas-fired stations have about half the emissions per unit of electricity generated of existing black coal stations and about one third those of existing brown coal stations.
Moderate reduction scenario
This scenario achieves a 15% reduction in emission rate, compared with the 1990 level, by 2020. This has the same emission rate in 2020 as MEGABARE's 'more stringent' target, but not necessarily the same emission rate in 2010.
Through improvements in efficient energy use based on existing technologies, an energy use per person in 2020 which is 26% below the 1990 level is postulated. Studies by consultants to the Ecologically Sustainable Development Energy Use Working Group identified billions of dollars of energy savings available in Australia corresponding to larger reductions in emissions than 26% (ESD [13] , Fig. 7.3, p.87) . Subsequent engineering studies identified large energy savings and associated reductions in CO 2 emissions available in residential hot water; commercial heating, ventilation and cooling; and industrial boilers [32] . These and other studies (e.g. Naughten et al. [33] ) suggest that a 26% reduction is readily achievable and will be cost-effective.
In this 'moderate' scenario the improvement in energy use per person is just balanced by the growth in population. Then the 15% reduction in emission rate between 1990 and 2020 is achieved by reducing the greenhouse intensity of energy generation by 15% [34] . Much larger reductions in greenhouse intensity of the electricity sub-sector were obtained over a 30 year period by modelling with the bottom-up or engineering model, MENSA, during the ESD process [35] .
Since the electricity industry contributes about half the CO 2 emissions of the energy sector, a reduction of 30% in emissions from the electricity industry, keeping emissions from transport and non-electrical heating constant, would achieve the target. Mandatory fuel efficiency targets for motor vehicles could readily compensate for the increase in vehicles resulting from population growth [25] .
The 'moderate' target could be reached without increasing renewable energy capacity. This should be compared with MEGABARE's 'less stringent' scenario which increases non-hydro renewable electricity from almost nothing to 60% of electricity. However, because emission reductions much larger than 15% are likely to be required as time goes on, it would be prudent to provide the initial reductions by means of a mix of natural gas and renewables. To keep costs down, most new renewable electricity would come from the cheapest sources: biomass (e.g. bagasse), wind-power and small hydro on existing dams. However, to encourage solar energy industry development and to avoid too much dependence upon natural gas, there would also be some solar thermal electricity, which is more expensive (see Table 2 ). There is no need to assume that the currently most expensive source of renewable energy, solar photovoltaic cells, will have become dramatically cheaper.
This scenario would be cost-effective within the energy sector. A quantitative evaluation of the impacts of this scenario on the Australian economy as a whole has not been attempted. However, given the policy responses suggested in the next section, the loss in employment in the CO 2 -intensive industries could be more than compensated for by the increase in the sustainable energy industries.
So far, the focus has been on 2020 and emissions in 2010 have not been specified. The 12-year period, from 1998 to 2010, gives sufficient time for a turnover of the majority of energy using appliances, motor vehicles and equipment. Therefore, given appropriate instruments, almost all the 26% reduction in energy use per person could be achieved by 2010. In addition, some of the gas-fired and renewable energy plant would be in place by then. A rough calculation suggests that a 5% reduction of emissions, compared to 1990 levels, could be reached by 2010 in this scenario. Table 2 Typical generation costs of several sources of electricity in Australia Source: Various sources collected by the author. Note: The table is intended to give the reader a sense of the relative costs with an accuracy of about 10%, rather than to provide precise costs which are site dependent. The table gives estimates of the costs of electricity generation (including both capital and operating costs) from new power stations commenced in 1997, with a discount rate of 7%. To obtain the total costs of electricity, one would have to add to these the costs of transmission and local distribution (which should be smaller for renewables and cogeneration than for large central power stations), retailing costs, and the environmental and health costs of various energy sources (which, though difficult to quantify, are likely to be much smaller for renewables than for fossil fuels -see Sørensen [23] ).
Strong reduction scenario
This scenario would achieve a 50% reduction in emission rate, compared with the 1990 level, by 2020. This could be made up of a 40% reduction in energy use per person, a 50% reduction in greenhouse intensity from the electricity industry, and a 26% reduction from transport and non-electrical heat. Thus, where the symbols G, E and P in the righthand side of Equation (2) denote 1990 values, we obtain for the CO 2 emission rate in 2020:
C G E P P 2020 0 5 0 5 0 5 0 74 0 6 1 35
New electricity generation would come from natural gas, solar thermal electric, windpower, mini hydro-electric and biomass, in that order of importance. Typical prices of some of these technologies are given in Table 2 . The fraction of electricity generated from solar and wind energy would be sufficiently small that no long-term storage would be required. The latter would be expensive and no doubt is one component of the high costs of MEGABARE's greenhouse reduction scenarios (with 60% non-hydro renewables in the 'less stringent' scenario). However, the low-cost overnight storage of solar heat in rock beds is included in the 'strong' scenario. This scenario, like the 'moderate' one, does not require major technical breakthroughs. Therefore, it is not assumed that solar photovoltaic cells would have become sufficiently cheap by 2020 to be used on suburban homes. That would be a bonus, but is not necessary for achieving the 50% reduction target.
Heat would come from solar thermal and natural gas at low and medium temperatures and natural gas alone at high temperatures. In comparison with burning coal at a power station at 36% thermal efficiency to produce electricity, which is then transmitted and distributed at 85-90% efficiency to a building where it is used for heating, burning natural gas at the point of use produces about one quarter to one fifth of the CO 2 emissions.
Transportation would be based on improved urban public transport (electric trains/trams and diesohol [36] buses), electric cars and vans, highly fuel-efficient motor cars ('hypercars [37] ) and increased cycling and walking. Natural gas vehicles offer little greenhouse advantage over petrol and diesel, although they do reduce local air pollution substantially. When there is a 50% reduction in greenhouse intensity from the electricity industry, electric vehicles charged from the electricity grid emit less than half the CO 2 of petrol and diesel powered vehicles. By 2020 it is likely that petrol and diesel will be scarcer and much more expensive than at present in Australia [38] , even without a carbon tax, and so the lifetime costs of electric vehicles and hypercars will become much less relative to ordinary petrol-and diesel-fuelled vehicles. It is possible to construct light and heavy rail in cities on a relatively short timescale (5-10 years), and this has already been occurring in Sydney, Perth and South-East Queensland. However, urban consolidation around railway stations and along light rail routes is required to improve the costeffectiveness of rail transport. This takes longer. Once again there will be a need for all levels of government to facilitate these transitions.
During the early 1990s, 'bottom-up' MENSA [39] modelling of greenhouse response within the energy sector suggested that the cost of large reductions in greenhouse intensity was about 2% of energy sector costs. However, the MENSA's database was (and still is) less advanced on efficient energy use technologies than in energy supply technologies. The studies cited above by Sustainable Solutions and Forster Electronics [32] and Naughten et al. [33] suggest a much greater role for cost-effective efficient energy use and hence a much smaller and cheaper task in reducing greenhouse intensity. More exploratory modelling with MENSA is required.
Although there are not enough data to estimate the cost of the 'strong' scenario, it would be much less expensive than MEGABARE's 'less stringent' scenario, because:
• the energy efficiency savings will pay for much of the renewable energy technologies; • natural gas will play an important role;
• renewable energy will be much cheaper, because less of it will be required and therefore the very expensive forms will only be used in niche markets where they are cost-effective; and • there will be no need for expensive long-term energy storage to make a huge renewable energy contribution technically feasible.
Taking the environmental and health costs of fossil fuels into account, the additional cost of our scenarios to the energy sector may be zero or negative. Indeed, the calculation of global greenhouse impacts by Sørensen [23] , assuming the value of a human life is equal to the standard US value of US$3M everywhere in the world and that health impacts are not discounted, obtains a cost of coal-fired electricity of about US$0.40/kWh, which would even make photovoltaics viable. For comparison, the generation costs of coal-fired electricity are US$0.03-0.055/kWh in Australia (see Table 2 ).
Recent studies [40] suggest reductions in energy consumption (and hence greenhouse gas emissions) and materials use by a factor of four or more could possibly be cost-effective.
Overcoming the barriers to the sustainable business scenario
The non-technical, non-economic barriers to ecologically sustainable energy systems are the result of [41]:
1 inappropriate economic ideologies (e.g. ignoring market/model failure); 2 inappropriate policy stances (e.g. subsidizing the resource industries and neglecting sustainable energy industries); 3 the differences in scale between large centralized supply-side technologies and small dispersed demand-side technologies; 4 split incentives between various stakeholders (e.g. between landlord and tenant, and between selling energy and selling energy services); 5 lack of education, information and training; and 6 a narrow approach to the microeconomic restructuring of the energy industries: e.g. assuming that making the market for electricity 'more competitive' (whatever that means) necessarily allows cost-effective energy efficiency to compete with supplyit has had the opposite outcome in the State of Victoria.
There is a way to overcome these barriers, but it does not rest on any single measure. Rather it requires a broad, integrated package [41], including:
• a binding greenhouse target and timetable, preferably one similar to our sustainable business scenario; • a strategic industry development strategy (discussed in Diesendorf [41] , pp.236-7);
• pricing to reflect at least part of the environmental and health costs of using various energy sources;
• regulations, including energy and greenhouse gas emission labelling of all appliances, energy using equipment and buildings -this overcomes the problem of split incentives;
• institutional change, e.g. reshaping electricity and gas retailers to become energy service companies. This can be done with a combination of other instruments. In NSW an important part of this reshaping is the imposition of a cap on the revenue per person that the utility can earn by selling energy;
• government funding for R & D on sustainable energy (currently almost non-existent at the Commonwealth level and in most States of Australia) and government procurement; and • education, information and training.
Such a package will be much cheaper than imposing a carbon tax in isolation, because the elements can mutually reinforce one another. That imposing a carbon tax, without providing alternatives, is expensive can be seen from a simple example. Many homes and most offices are rented. In the current conditions of market/model failure for efficient energy use, it is neither in the interest of the landlord nor the tenant to insulate the buildings, even though it is generally highly cost-effective for an owner-occupier. Setting mandatory minimum energy performance standards and energy labelling for buildings is likely to be a cheap [42] way of resolving this problem, by changing the price elasticity of demand.
Government intervention to implement this package of measures can be justified by 'market failure'. The package could be funded by means of a carbon levy, or the requirement that electricity retailers and large electricity consumers must purchase tradeable emissions permits.
Conclusion
Economic models of greenhouse response are based on severely flawed assumptions which are inconsistent with basic criteria for useful scientific modelling. MEGABARE is a typical case study whose assumptions lead to the omission from consideration of the two cheapest and fastest options for reducing greenhouse gas emissions, namely efficient energy use and natural gas for electricity generation and heating. The model also ignores the economic benefits of creating a sustainable energy system, makes the political assumptions (not justified in its report) that agreement on a binding target by Annex I countries would not influence non-Annex I countries, and that binding targets in Annex I countries would necessarily increase emissions in non-Annex I countries by 12-14%.
The assumptions fed into MEGABARE do not allow for any significant change in national economic structure, such as the shift that is already occurring gradually in the Australian economy from resource towards service industries, despite government industry policies which favour resource industries.
Despite all these assumptions that are unfavourable to the reduction of emissions, MEGABARE obtains only a tiny, unobservable impact on GDP/GNE of reducing emissions.
The 'strong' greenhouse gas reduction scenario presented in this paper would involve a 50% reduction in CO 2 emissions. Even in a country with 1% p.a. population increase, it is a feasible pathway to a sustainable energy system, based on small improvements to existing technologies. Although its additional costs have not been quantified here, we have shown qualitatively that they must be much smaller than those of the two less effective MEGABARE scenarios.
A substantial research effort is needed to construct more realistic quantitative global economic models of greenhouse gas reduction than those currently used. Such models would not assume that the market for energy services is competitive, or that GDP and GNE are good measures of welfare or well-being. They would not use unobservable parameters such as elasticities. They would discard BAU scenarios, instead developing scenarios for absolute reductions in emissions. They would perform extensive sensitivity analyses to assumptions (especially social and political ones) and, in any public presentation, their results would be clearly linked to their assumptions.
